Abstract. Recently, efficient scheduling algorithms based on Lagrangian relaxation have been proposed for scheduling parallel machine systems and job shops. In this article, we develop real-word extensions to these scheduling methods. In the first part of the paper, we consider the problem of scheduling single operation jobs on parallel identical machines and extend the methodology to handle multiple classes of jobs, taking into account setup times and setup costs. The proposed methodology uses Lagrangian relaxation and simulated annealing in a hybrid framework. In the second part of the paper, we consider a Lagrangian relaxation based method for scheduling job shops and extend it to obtain a scheduling methodology for a real-world flexible manufacturing system with centralized material handling.
Introduction
The problem of scheduling arises in situations where scarce resources have to be optimally allocated to activities over time. Most scheduling problems belong to the class of NP hard combinatorial optimization problems. Any scheduling methodology should aim to (Luh et al 1990) (i) generate efficiently near optimal solutions with measurable performance, (ii) facilitate rapid "what if" analysis to examine the impact of dynamic changes, and (iii) support efficient methods for schedule reconfiguration to accommodate these changes.
In the area of discrete activity scheduling, it is generally accepted that a gap exists between scheduling theory and practice. Practical methods react to dynamic changes without the ability to produce good solutions and theoretical methods produce good schedules without the ability to react to dynamic changes. Recently, Luh et al (1990) and Hoitomt et al (1990, 1993) have developed a Lagrangian relaxation based suboptimal algorithm for scheduling of non-preemptive single/multi-operation jobs on parallel identical machines and for job shop scheduling. Their method performs very well in a wide variety of scheduling situations and is also amenable to carrying out extensive "what-if" analysis.
In this paper, we consider the above scheduling methodologies for parallel identical machines (Luh et al 1990) and for jobshops (Hoitomt et al 1993) and extend these to take into account real-world features.
Extension to a multiclass environment
The scheduling methodolgy for parallel identical machines, developed by Luh et al (1990) does not take into account setup times and setup costs that are very important in multiclass manufacturing system scheduling. The first part of our work attempts to extend the scheduling methodology to multiclass production systems comprising parallel identical machines and taking into account setup times and setup costs.
In a multiclass production setting, the jobs are divided into a number of mutually exclusive part types. Setup operations are an important feature of such production environments. A significant setup time is incurred when a machine changes from processing one type of parts to a different type of parts. The setup time generally includes times for fixturing tool changing and preparing the workplace. Thus, a setup cost is incurred, since the setup operations do not contribute to productivity. To minimize the setup times and costs, a batch of products belonging to the same part type is manufactured after a single setup. Large batch sizes, on the other hand, result in high inventory levels. The economic lot sizing problem (ELSP) (Fleishrnann 1990 ) addresses this problem of minimizing the sum of inventory and setup costs. The problem is known to be NP hard (Lawler et al 1989) .
The extension proposed here follows a hybrid approach that combines the techniques of Lagrangian relaxation (Fischer 1973 (Fischer , 1981 Luenberger 1984) and simulated annealing (Kirkpatrick et al 1983; Aarts & Van Laarhoven 1985; Van Laarhoven et al 1992) . The objective is to minimize the sum of the total weighted tardiness and setup costs (assumed to be a monotonically increasing function of the setup times).
Extension to an FMS
Scheduling is an important issue in the planning and operation of flexible manufacturing systems. The paper by Hoitomt et al (1993) proposes a Lagrangian relaxation-based scheduling methodology for job shops. However, it cannot be applied directly to the scheduling of a typical FMS. In the second part of this paper, we describe the scheduling problem of a particular flexible manufacturing system and develop an extension of the approach presented by Hoitomt et al (1993) to schedule jobs on the machines and the material
